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[4^*1] 

[SSejS] 0013 

[fllSSJXH 2003.01.02 

H04L 

[^1=8] Sf?] H04K 

[sjssi sai 3 3H£i ^^i &i eii L[mm d[x\$= Ai^^e mm 

[&92| §g§S] TRANSMITTING AND RECEIVING APPARATUS FOR WIRELESS 

TELECOMMUNICATION SYSTEM HAVING 3 TRANSMIT ANTENNAS 

[•«!£!] 

[gal #aa» ^SUI 

1-1998-104271-3 

[CHBiei] 

[gg] 012^ 

[ CH £1 °i 3 c ] 9-1 998-000339-8 

[Sl^Sf^ys] 1 999-006038-0 

Sea^l] HWANG, Chan-soo 

[^EIs^BiS] 750704-1162416 
[^SSiS] 449-905 

s^it geiAi ;>ise ssiDhm ^gomm 303m 1704 

[^3] KR 

[£S2| S^S^I] NAM.Seung-hoon 

771003-1055625 
[?@3S] 158-071 

[3^1 AHM^^AI gffi^i ^§1§ ^§0121^ 1022-504 

[^3] KR 
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[^SXH 

S^SJI] KIM.Yung-soo 
[^eie^Ss] 640112-1063613 

463-743 

e 240 is 

[^3] KR 

[^sxu 

S^SJI] CHUNG, Jae-hak 

[^^f^SS] 640822-1047624 

[?@SS] 137-070 

ahmh^ai ahs^ Aise ^xi jw 01mm. ie 403s 

[^^j] KR 

imxn mms xu2^°\ ^ou °\m ssi, mms ni6o^°j ^mm °i 

m SSI □ A^ S S^iLID. CH£|oj 
OI2d^ (el) 

[^l^iSIS] 20 2 29,000 B 

P^SSIS] 23 2 23,000 SI 

[^<^^^S^] 0 2 0 SI 

[^A^j^S] 18 W 685,000 SI 

737,000 SI 



40-2 



1020030000144 #^ 2003/10/7 

*H W afll ^Hl n}^ «-^ 7 i^ og^sq- 47fl cq a]^-^o1 ^1454 zj- a1^> 

47flSl Al^^># ^o> 3 7flSl ^A] oJ-^S-jg. *liH5M, <^7)*) ^7] 47fl 
2} ^« # ^£ 27fl O^o] Aj-S.^-*. ^7] o>Efll4#S &^}7) ol^ofl zj-zj. ^ ^ 

^ ^ ^m^*HH ^ 3711 2] i^Rr 37fl2l £ffS ^ 

^>J1 ^71 37fl2l AlTi^Zj-l- ^0} 37fl2l ^A] OfE^^ , ^ 7 j ^ 

^S]^ 371121 # ^in^ 2711 A^-g^ ^"71 ^A] oj-Eliq-l-S ^^V7l o] 

z]-z}- 4i^2l ^a o >^s.u> # 3^1^14. oie^*v £ ^cflsl cfol^AlEl *K^» <*o.^ ^ 

£ 3 

TRANSMIT DIVERSITY, 3 ANTENNAS , SPACE TIME BLOCK CODE, MAXIMUM LIKELIHOOD DECODER 
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37fl 31 olEflLl^-g; 7}^1^ ^-«dl-^l Al^sfl^. ^{TRANSMITTING AND 

RECEIVING APPARATUS FOR WIRELESS TELECOMMUNICATION SYSTEM HAVING 3 TRANSMIT ANTENNAS} 

5L l£r #2fl 7l#oll 4^ *#->M*> A}-g-^ ^-§r M-Ej-vfl 

£ 2^r ^-71 £ IS] ^A]7l^^-Ei ^Al^ Ajjr- ^A]e>^ ^7121 ^-fr M-Ef-fl 

£ 3^r ^3 ^H°fl ^iH^l t 3 -i^-lt A>-g-^ ^7121 ^ o. 

£ 4^ ^-71 £ 3^1 ^7l^Ei ^l*Hr ^7121 q-El-ufl 1-^ 

5. 5tt ^2} Tfll ^AHHjAi QPSK^l A>-g-Al 27112) cfl^ 2|i YJLS* o] 

£ 6°ll 45£^^- ^ sl^€ QPSK <%<#5.. 

£ 7£r ^T^2l ^AHHl 4^ -g-^ 41^- 71 #2fl2] Uf^ 7l^#3l- Al^cfl 

(SNR HI cfltb «1H ^^:(BER)2] ^*HH 
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£ 8^ ^ A2 *UHH nf^. ^V-Al^> A}-g-*>^ ^a]7)S] 

£ 10£r 7fl2 ^AHHH QPSM A>-g-Al 27fl^ fltfSJHfrafl ^ $r 3} ^1 

^5f* M"E]-\fl AH-eflol^ ^2)-. 

£ 11^ ^3 ^12 -^AHHj nfs ^ Jf jr^ 7l#-i- ^efl^ nfs. 7l#l-^ A]J:ufl 
^til(SNR)^ tfltl w]B £.fhl:(BER)£) #3<HH tilstl 



<12> ^ Al^Eflofl -&*1 , 5fl o)^ (Fading)^ ^ *V <gs]- 

(DegradationHl nfl-g-^l ^ <^iq- ufo]^^!- a}-§-*}-^ ^o) 

A. 

^sK^ t+olt^AlEl(time and frequency divers i tyH ^. <?_Nm T=f°|tH a]e}-I- ^ tr ^ 
# ^2] Vahid Tarokh c^fl ^o>^ ^7i-Al^V Space time block code)^ 

S.M. Alamouti7> 4°Y-& <?i3m- tfo]tHX|B)* 27fl ojAj-o) oh^s.^ ^ <&: 

^M^r. Tarokh°fl ^tr ^<?i£r 
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"Space time block coding from orthogonal design," IEEE Trans, on Info., Theory, Vol. 45, 
pp. 1456-1467, July 1999*11 ^fl^H 9l°-*\ , Alamouti^l ^tr *fl°l£r "A simple transmitter 
diversity scheme for wireless communications," IEEE Journal on Selected Area in 
Communications, Vol. 16, pp. 1451-1458, Oct. 1998*11 ^7fl£l°l 9X^. 

<14> £ 1^ ^Hfl 7l#ofl 4^ tt-X]?} t§j^t *}-%r*}^ 3^713 M 

£°lcf. °l^r Tarokh^l sjsfl ^1*1€ 3}-°^, £^1*1 H r <4 go] z)/ig^ ^71 (Serial to 
Parallel Converter: S/P Converter) (110) Q JfsSM (Encoder )(120)S. 91^. 
37fl^ ^ °jEfli4l-(l30,132,134)^: A>-g-^^ ^2:* JE^o^ 

<i 5 > ^-71 £ 1# ^s^, #7l 2j/^^ ^71(110)^ >8«-£ A7VA *Kf£l 1- 

^JLS #71 ^5^71(120)5. ^1^*>4. #71 ^5}-7l(120)^ #71 47fl^ 7>*1 

31 8711*1 8711^1 Al^^s- ^o> #71 3711*1 ^a] °>Efli4#(i30, 132, 134)5 

#7l 8711^1 S^-*^- ^>7l*l <^*H4 i>sq- ^ 8x3^1 *ms. q-Bf'i ^ 



<16> 



#3 = 



[^r^M 1] 



5^ J-s Sf 



L J 4 



<17> 



40-6 



1020030000144 %^ 2003/10/7 

<is> #7l<4 ^-o} ^-JlsMU20)tt ^5]^ 47fl<q ^s-ofl (negat i ve)^ ^ 

(conjugate)* ^-g-^>^ 87fl^ ^#^-#^0} 37fl^ ^>Eflq-i-( 130, 132, 134)3. <^7H 
o]- Efl q-#s Al^^l-, a 1#(rows)^ ^-iL^Hl *]i2^* 7H711 ^cf. 

<19> JiCf ^^1^0.5. XI 1 Al^^VoflA^ ^ Wj^fl <g£] 37fl ^ Si > S 2 ,S3 c »l 

^7} 371]^ «i!:Efli4-i-(130, 132, 134)3. AA , ^7>xls. *>*]^ *1 SH^^IM 

A 1^ 37fl^ s 4 *,S3*,S2*7|- 37fl<^ o>Efl u}-# ( 130 , 132 , 134 ) 3 AA ^t€4. ^, 

^-71 ^^-71(120)^- <&3luh3. %7\ Jf Jr^)- ^^2) M^^fl 1^ ^cfls ^ 

£S.7>i, s.X\Qr ^-o} -a] o>Eflq-s.(l40, 142)^ *flv3 ^^71 (Channel 

Estimator)(150)^- 4^^fl^ wfl l7l (Mult iply Channel Symbol Arranger )( 170) Q ^%7] 

(Detector) (170)3. ^^ck 
<2i> a o v 7 ] _£ 21- ^S^, ^7} ^ ^71(150)^ ^ °j£fluf!-3.JfE : l <tNM"I-3 

*fl^ 1+^^ *flv§ Tjl 4-1: (channel coef f icients)* t^*H^ Aj.s. 

afl 171(160)^ ^7l ^a] °J:^m-^( 140, 142)3^- Ei^ ^a] Aj^^g. #7] 3^7} 

(170)3 Xl^-trCf. nel'S ^-71 ^#71(170)^ ^7) ^a] ^^d\] ^7] *m >4l*rM- 
^F-tb ^(hypotheses) ^M-g: 7}*)JL 7>^tr £€■ >9 tfl^ £3 #7fl%=(decision 

statistic)* ^A>tr 3 ^7^1^: 3 #( threshold detection)^ ^sfl #^1 ^]-|-#-g- 
<22> Alamo.uti^ ^V-aR ^-^Jl 7]^ 27fl^ ^a] oVisflT-Hl-* -f-*fl 4^ a]^. 

(complex symbols)* ^^^EfS. ^^(rate)* &j1 ^ ^mi-^ 7fl^S+ ^ 

^ s)cflo^ cfol^AlE) ^(diversity order)» ^^cf. o|§ Tarokh°fl £)*fl 
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*fl°J:4 #7] .£ 14 -£ 24 #4€-£r #Jl*H1 21 <?! (orthogonal) 7>4fe ^Efl 

4 ^*>-4*> 4~8-*H 44«H3 <£^4. neiu} av 7] ^js-o. 47fl 

4 4^ 4Jl-i-# 87flS] 4#^#(time interval) ^ ufl^-ofl 1/24 ^ 

£4. t£*V l-^(47flSl 4]«)* 4^4 3l^Kr31 87fl^ 4*B L #°1 ^5]7l nfl^-ofl ji 
^ ^1 ^1 ^ ^1 3* ^3 4<H14 ^^4 £SH 4*fl ^A] A^oj 44*14. 
<23> ^-ol 37 fl oj^cq o} E] ]4 f A A}-g-4<*| 4^ Sl^Rr ^-f, N7fl4 ^£ 

« #4144 4*11 2N7flS] Al^-^ol. ^JELS 4#-§:4 ^4 4 latency) 



<24> 4^ ^-71 tr 44 ^4 ^44 ^efl 71^^ 444 3K>4 t 

37fl4 #41 444-1-8: 4-§-4^r ^ A Jf^ Aj^EflcflAi ^^4 £^$M ^cfl4 444 
44 4^4 440] ^^o. ^ ^^a] ^tr4. 

<25> str £ ^£ 37fl4 #41 4^141-8: 4-8-4^ ^^l 4^44 4##4 

0} 4^ 4^4^-a- ^44^ #^r4 #4» 4^*14. 
<26> a. ^4 ^11 ^44^, ^4*4 Aj^Efl^Ai 4^ 41-#* 4#4^r #444 

&44, 

<27> 37fl4 #4 444-1-4, 
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<28> ^^TT 471) Si ^31-lrOl Zj- oVEfll-fSf Zj- Al^^HH A^ 47 flcq 

-9M~S: ^ 37l| fil >SM~& 2.^*}^ 47fls] ^*>JL Aj-71 a^g-fr 47fl Si Al7>^ 

7>1- ^"71 ^A] oj-^q-s.^ ^^Hr JMlSWS 

5)^3^ ^HJ *Vcf. 

<30> a. i£^o} ^^Hl^ ( ^Ai^A] Al^EflollAi ^ Aj«# ^l*Rr ^7H1 &<>H 

<31> 37fl Si 9iEfll4l;^«-Ei *H ^-uj-o) ^a] o>Bflu(- Z]-Z]-O.S. AlJlS.^- 4711 S) 

ARV^?># ^9_> -Aj^ Aj-g. tifl^7lSf ( 
<32> Aj-71 37fl SI ^Al # 7 j ^O^rr o> E fl uf^S} ^fl^ o^S.^ ^ 

M-E}^^ 3711 Si ^ ol^-i- ^*H=. *m ^^7lS|, 
<33> A o V 7 l *m ^"71 Bfl<l7Hl ^*fl ^41 € -S^-M" ol-g-*M A A 2711 S] A} 

S^Rr 7Br*V Aj^. ^^-s-cHl « t^o! *llB3 ^ ^^S}- 

^ 27fl Si -g-M-g- ^ 3#*Hr *fll £ 7112 cl^#4, 

<34> #7] m ^ *fl2 cl^c-Hrofl ajsfl 2711 Si £^tfl3. *m*\<$ #3*Hr 

^/^l ^«7l« S.^}<^ ^ ^%°-3. &t±. 

<35> ^ ^S] *fl2 ^Hl^r, ^Aj-g-A] Al^EfloflA-^ >9 £«fc*Hr Olo^ 

<36> 3711 si ^a] ojEflM-i-jq-, 
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<37> oja^^ 37]]^ ^-i-S-ol 4 oVEfl^ Al^^ofl^ ^S^S- ^71 37fl^ 

^ 37fl<5} ^-g-^-g- i#*Hr 37flS] ^*>Zl ^"71 S^-i-g- 37fl 

^<L> ^"71 ^A] ojEfl^^ ^^j-fe ^2}-7l# IfsU, 
<38> -$7} 37fl^ Aj^. ^ A}^ 2 7l] ol#o} Al^g-^ z]-Z}- ^ o] o^V^^s 

<39> -S. ^tgo] AjAl^^, -^Aj-g-A] Al^EfloHA-1 ^1-1-* ^*l*H=r ^Alyjofl o^A] 

<40> 37fl ^A] ofBfl^^a^ ^^5: ^q-o^ ^A] oU^S ^l«^r 37^ A] 7]^ 

<41> ^-71 3711 ^A] o>Eflq-^-S.-^-B^ AJ.7] a^S. §>l4^ ^AJ o>Efll4S^ ^ °}^^ z\ 

A M-^iflfe- 37HS1 *flv| Ol^-S.^- ^ ^71^, 

i^Kr 7>^*> 5L€- ^£ft1 <M iflH^ ollH^ 

§>Tr 37fl<2] ^#1-^ 3#«Hr ^5]^ ^* ^8 tVcf. 



<43> H^HH £ -g^#*fl £M 71^ ^ofl cH*> ^^^<?1 A^o] 

£ -S-^ll- Ir^A^Tfl ZL*£ ^ ^q-Jl ^51^ 3-f°fl^r 13. ^ 
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A, £-§-*}3 9] Si HLfe #3fl ^-ofl u±s} ^ SJcf. ZL&|jEi3. =L ^^fe T^^Ai *Ja_V 

<44> £ ^l^^lEl ^tfl ^7] ^*fl 4^ ^1 

JUcomplex signal)^ <U^% 3)^ s) ^(rotate)^l A -H -£7fl# ^^Tfl *>7l ^*fl -*f 



<45> 



«*fll ^*H1» 



<46> 



U^S] *fll ^l^l^Ai^ 4 7flSl ^ 37fl£] ^tflM-l-* *Sfl 47^ 



<47> 



[^*VA1 2] 



5 i 5 2 h 

S A S S S 6 

S 7 J g S$ 

5 10 5 11 % 
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<48> <£e^ ^O] ML t)3.^^r ^Al7loflAi^ ^A] o>Efl uf^-f^ ^ o>tflu|-5. 

<49> ZLE^ ^"71 <^*M 2>9\ ^ ^l*Kr ^7loflA^ ^A] o>Efl 

tr ^ <?H1 h; el- S.^ ^£ aj^ ^(symbol set) c t ^l 

^-§-*r^r ^ *>7l^ <^*vai 3> j^ ^-ol 

<50> 4 3 

€ 5t°lc}. ^"71 <^*H 3>^1 ^71 <^*H 2>£) ^-^sf sg^* ^-8-^ 4 s 

^171^ 7>^tt S.^ aJ^. 2i^6\} fllsH s>7l^ <^*M 5>* ^JiiWb ^ 



[^§|-Al 4] ^l'*3-'»l- S 7-'' 2 ' r 8-'»3-S 9 | 2 ^-|^-'»l-5-IO- / » 2 ^ 1 l-'' 3 -S-. 2 l' 



<53> o^7lAi ri(r2)r3>r4 ^ ^Aly]^^ 47 flo} ^7]-^^ ^ ^A]£ Al^S-o^, 

hi ( h 2) h 3 ^ 371]^ ^A] ^Efluf-l-S^-E^ ^Al oJ-^q-S.^ ^ Tfl^l"* ^ M-Ef^fe ^fl^ °1 

<54> ^A]7l^ ML ^# ^7|]# 7_>^5}-*l-7l ^^flA^ Aj- 7 ] <^«Va1 4> ofl ^ 7 f^*> ^ HS.i 

%K crossover term)* ^aj o>Eflu|-^-g- -g-*fl a}^£^ ai^. Aj^A^, ^ 
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<55> 



<56> 



4x3 ^-iSh °l-g-«M 47fl^ 43 3 + ML ^#A}ofl t^Efu}^ 



*0?1« t &^£r Tarokh^l ^«fl ^tf. zi^M- #7l <^«H 5 



>oflAi 3^5: 2 7fl<q a Ci4 C 2 ^ *fl7l«W 3<HH *fll ^M-(hi)^ *fl3 <^i4(h 3 )7> 

^U^* 7M£^ ^ 53^ 7>^>tq-. 



<57> 



^*HH ^ M-H}M-0> ^C-ll, oje^V ^-g- nV^Al^l^ 4x3 «^ *}7] 

#* #3L?H ^« t 54^, 



<58> 



6 ] L 



^5 
*4 



*3 



J 2 J 



*1 

**2 
L^4 



**2 
•Si 



2 J L * 



<59> 



S^S.*! S Ci^f C 2 ^ ^T^j-SL^ ^3Zf ^ojj-g- ^-g-fV ^JlS* Qj ofl-i. ^7]^] 



<60> 



7] 



5 3 

■~ 5 4 S 2j 



<61> 



ia* 7}^ ofl^-g- *\7}*\ <^*\ 8> o|| q-^Lfl^cf. 
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<62> 



8] 





*2 




X l X 2 


X 




-*2 


xl 


- 

Xl 


Xl 


*3 




-A. 




*4 


• * 

~ X 7. X \ ~ X A 


* 


x\ 


x* 


-x^ 




-** 




3 


4 


* 

X, 


m 

X 3 X 4 X i 




X. 
4 


* 

— X, 
1 


X, 


4 


* 

— x, 

1 




* 


« 




* * 

_~~ X 4 X 3 X 2 


* 


» 


-x 2 


« 

_ _ *4 


4 

x 3 






*. 






I r * ~ 

Xl "^2 






x 2 


~xl 


Xl 


Xi 








*4 


— x 4 




xl 


-x\ 


x* 


xl 




*4 




*4 


* 


*3 X 4 


Xy 




Xi 


x* 


x'i 


Xi 


x* 


* 

-Xi 


. *4 


* 

-Xi 




* » 

J *4 ~~ *3 *2 




* 

~*4 


xl 


Xl . 


* 

_~ X 4 




Xl . 








Xj x 2 — Xj 


X l 




Xl 


* - 


Xi 


Xl 


X i 




* 

x 2 


• 


~*4 


* * 

•*2 — Xj x 4 


* 




* 




* 

Xi 


• 


x A 






*4 


• 


* 

x 3 X 4 Xj 






*4 


* 

-x, 


Xi 


*4 


* 




* 

-*4 


* 

~*3 


*2 J 


x 4 — x 3 — Xj _ 


.*4 




~*3 


Xl . 


* 


* 

~*3 


- *2_ 





<63> 6) 7 ]x\ Xl>X2>X3(X4 ^ si ( S 2> S3,S4 0 11 ^^}^ °J ^ 3. tifl^*]- ^-^ 

^£ A o V 7l <^r*}"^ 7>£r ^-7] <^*H 8>^1 M-Hf^ ^ ^1^1 Xi=Si, X 2 =S 2 , 

x 3 =-s 4 *, x 4 =-s 3 *5L 

^ 7>oll i4e^u£ Jf^s|- ^7} <^n+\ 4>S CfA] ^-71 <^«h^ 4> 

# ^is^Rr ^ *}7}2\ <^n+\ 9>^ <^*M 10>^- ^4 ^^W. °1 

^ Br>7l 9>2] d]]B^^ <^*}-^ 10>^ s.^^o]7l 7>^^cl-. 

<65> J^^-Xj gj MinC^,,^ 3 Xl jR .- Jc .l :! - f -|^ 3 -^ 3 l :! - t - 2 CC l +0 3 >« fc '{^7^ 3 }) 

<67> o^7l^ Min (a,b)(y(a,b))olaF ^ y(a ( b)» ^^sj-sf^ a,b# ^M°l^, 

Re{ }fe 1:5:^ 4^^^ ^tb^ ^^1°]^-. Stb Ci4 C 2 ^ 0^1 & 

A i -i^tb ti}^- C 3 ^ h 3 *h 2 -h 3 h 2 *^Ji C 4 ^ h 3 h2*-h 3 V-C3 0 14. Ri^ 
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<68> 



<69> 



rihi*+r 2 *h 2 +r 3 *h 3 °lJl R 2 ^ r 1 h 2 *-r2*hi+r 4 h3*ol jl R 3 ^ r 2 *h 3 +r 4 hi*-r 3 *h 2 ol 51 R 4 ^r 
rih 3 *-r3*hi-r 4 h 2 *^cf. 

^7}9\ <^n±\ 9> ^ <^r«l-^ 10>» °l-g-S}^, ^Xl7HH #7] <^*M 9>°fl Sl 
^ s 3 ^ ^-(pair)-i- ^i^^Rr -^-^-^ #7] <^*H 10>°ll n}^ s 2 4 s 4 2] t^^Kr 
£3 (de-coup 1 e) «H , ^4l7l Jicf ?>Sf3Ht ^ ^4. 

SJ^fe 'S-M-ol BPSKCBinary Phase Shift Keying)^ 31 «H ^ j-l 

4 ^-Jisf- 3^1 cfo]^A]Bl 7>^14. ZLeiq- ^-i ^tfS. 

(complex constellation)!- °l-g-S>fe- 3*> °1^ ^-i-nfl^ hj-ai > a QPSK(Quadrature Phase 
Shift Keying), 8PSK(8ary PSK), 16PSK(16ary PSK)# A}-g-*Hr ^JjLofl^ ^#-t°l 
± ^Efl7> 5] 71 nfl£-6fl cJ-oltt^lE] 23. #<H#7fl ^Cf. ZLS^S 4?fl^ 

4]« # q-^ nflH^ ^ £^«Hr 27fl^ ^-i^-i- zj-zf 

^ 1-1-8: *V7l^ <^«)-^ ll>4 z>£- 



<70> 



i^n^ ii] 



€' '5, 



-*2 



s 3 



* 

-A 



e*0 



<71> 



^7l^A^ ^- 7 1 <^*VA1 7> o} 0^ ^M.^. Sl)S2)S3(S4 ^ Si,S 4 « AA ©1,0^^ 
^ Sj^Rr £A}^Cf. Cf^ ^JjL A^S. Cf€r ^H^Ml #33^ 

s 1( s 2 SL^ s 3( s 4 s 2l s 3 * Sl^^m <r 5^. <^H 2 7fl^ >9 Zj-Z]- 71^ Sf\ 
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<72> °1#°IH Ajt^ H ><4 ^ lift ^^l7l<4 ^71!- £ 32f £ 4«H1 

<73> A o V 7 ] r: 3 A i£^o} Tfll ^Al^ojl tCf^. ^-ARV 1-3^ «- 311- Aj-g-^ ^A] 7 ] o) ^ 

M-^vS w}^ £ol 3]/tg^ ^#71 (Serial to Parallel 

Converter) (210)21- $$.7]^ (Phase Rotators)(220, 222)4 ^-S. sM (Encoder) (230) Q 37]] 

9\ ^a] o>Efli4-i-( 240, 242, 244)5. ^^t}. 
<74> Aj- 7 ] £ 30. Aj-7] ^/^^ ^^. 7 1(210)^ 47^ Al-tl; S1.S2.S3.S4 

- ^uLo^ M-e^ AV 7 j «-JrjS}-7l (230)5 ^^tbcf. ^1 "fl *>M-^ 1-^ ^ 4i^€ 27fl^ 

^« si,s 4 ^ #7l Jf-J-^ (230)5 °g^£l7l #6fl ^a o v S) ^711- (220, 222 HI £l*l) ^ 4i 

3 3l#& 01. 04^^ 3^T=T. #71 27fl£l ^7loflA^ A-j jig. cf-g- DflB^^ ^-^ 

i^S. A|Eflsl4 AJ.7I ^-5:^-7] (230)^ #71 ^Aj- 27fl^) S^-*Hr tb l-^^l 

43 7}7,li z}z}- 37fl ^ 5Lfr*Rr 47fl^ S^-** 4711^1 Al7i^7_V# 

#7l 3711 Si ^A] o>Eflq-i-( 240, 242,244)5 ^i^trCr. 

<75> C^H Aj-71 ^Sj. 7U 230)^ sjcflol ^olalX^ 7 1 ^ *H #71 <^ ^ 47fl 

^ ^ #-£l-°l 4 ^BflM-fil- Z}- Al7_>^7_HlAi tr^^!^ 5^ #71 ^^Cf. 

atr #71 «-Ji5l-7l(230)^ z^s] 9}z)M3- ^ir^fe 43 # ^m^l:°l #S?i^l *liH#* 7> 
xl£S.( 0 rthogonally) #7l ^l^l ^(negat ive)^}- (conjugate)* #7l 
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<76> ^-7] 3711 2] oVBflq-^-^ ^^^m 47fl2] 4x3 ^H^. S^r^, M«]*l| ^tflM-S. 

^ ^-Jls}- *3l|2] M«l^ Krow)2] ^Jl-l-ol ^cfls. ^ n#*H ^tH^^H n^^fl 

^ (column)^ 37fl2] ^Efli^s-s 

<77> <y ofl^ oJ^Sjfe- 47fl o} Al^s. Sl(S2)S3(S4 ^ Sl(S A M. z]-Z}- @ 1 ,Q 4 ^ $\ 

^ ^ V 7] ^-JL3^71(230)^ ^ oj^j. 11>2]- 4x32] -^s}- ||1 

*r Sl^. ^7] <^*H ll>ofl ^E]-^ «8^o] A>-g-S|fe ^ ^ Al^^ofl^ 

^ ^*fl 1^] 37112] ^1-1- S2i eJ °' s *o] ^y] 37 1]2] 01-^,4^.(240,242,244)5. 

^, 4*1 *l| Al^^ofl^fe 4 <d*H 12] 4]^* s 3 , s 2 7\ #7} 37112] oJ. E fl 

M"fr( 240,242,244)5. ^^cf. 
<78> ol^-oflA^ <^«M 11>4 ^ ^*Rr ^712] cflofl tfl*>^ ^S^Cm^, 

^HHHtt #^7l7> ^71 <^*M 11>4 «8^6fl -R-U|B]B] « 

(unitary matrix)^: ^^1^- ^£ ojcf. 

<79> Aj- 7 ] £ 4^ a o V 7 ] H 30] ^a1 7 ] S w.e] ^Al^ ^Jr-g. *H4*>fe ^712] ^-g. u(-E]-^ 

<^7}M ^^2] afll ^AHHl 4^- ^A]7l^ ^-^^0.5 ^*H*r^r 27fl2] 

MLCMaximum Likelihood) c]^c]s.(Decoders)(340 > 345)# 5£^-*><^ ^^^h 
<so> ^-71 £ 41- %2i^, ^7} (Channel Est imator )(320)^ 37fl2] 
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91*1] ^-#(240, 242, 244)3.^- &\ ^ 9}^M^(310, 315)5.3] *m channel 
coefficients), ^ *fl^ °}^% hi,h 2> h 3 ^- 41 ■& «fl 1 7]( Symbo 1 Arranger) (330)^ 

^-7] ^a] o_v Efll 4#(3i 0) 315) ^* -§-*fl 47fl^ Al^^-s. ^ov ^x\s\^ Aijrs. 
ri,r 2 ,r3,r 4 # ^r^tr^f. 

<81> n><^ ^X) <£l]M7\ I7fl^ #7l ^ # afl 1 7l ( 330 ) ^ 47fl^ A) 7^ 7^ ^o>^ -A] A] 

« ri,r 2 ,r 3 ,r 4 l- ^^*>cf. <^1^ 3^1 7H ^*fl #^^1 ^J«°l 47^ a^V^i- ^o> 

(330)tt ^ ^ ^efls. ^trcf. <^7H S S<H1^ s}i4<>] ^a] oj-^q. 

1- ^-*fl ^£]^r ^lJll-8: Bfl^rJ! ^M"^ 1^1^ Al^^ofl ^aJs)^ ^Jiti «fl 

^1^4. ^7loflA^ ^7fl5] ^a] oV Efl ^1.(310,315)^: AV#^ iAl^im- O\$\o\] 

^ tr3M» ^r-§-*r^ 7J4-<H1 tfl*JH 

<82> ^X) 7]S _^ 47]]^ Al^s. si,S 2 ,S3,S 4 « 4^f^r ^ ^ , #7} t^D^ 

(340,345) ^ ^^^(340)^ #7l ^ £ #7l ^ ^J:l-<i trfsf si*r s 3 # ^ 

^12 ^^(345)^ ^7l-xl « o v^o.s s 2 ^ s 4 » ne^ #7l c]i2cm 

(340,345)^1 3]*fl ^71 47fl^ ^«ol ^Alcfl ^#^rf. <^ 7 H ^]|t^ ^EflSl 

<83> o^} <g*\ <a^*l <^^-ai n> o] sj^o. ol-g-fr}^ ^4-, Aj- 7 ) clist-K 340)3] 

cfl^fl ^^s>^, >S-7l afll ^^^(340)^1^ -SI- ^3 71 (Symbol Generator)(350)^ £ 
€■ 7>^-*V si^- s 3 3] -fS^-I-( Sub-combinations)^: 49 SiJ (Phase 
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Rotator)(352)^r <#7] ^ *M<& si* ^l7H ^sfl A>-g-Jel ^ <^ 

<84> 711^71 (Metric Calculator)(370)^ ^7} *fl>i o)s.s. hl ,h 2) h3^ -#7] ^ 

41 r1.r2.r3.r4* 7>^J1 3L^-*Rr S.S. ^M. Jf^s-ofl 

cflsfl <«^*H 9>» Tfl^H ^lB^ ^(Metric values)^: 2^ ^#71(380)^ # 

<85> ol-S-jq. ^ ^-7] ^]2 v]3_tl(345)e)}*]5. ^^*>7fl o]J|Lc^t}. o]<2)- Qo] j§ 7 ] 

A]l ^ iacK 340 HHtt si'4 S3'* ^#^}JL ^"71 *fl2 ^^c-1(345)<Hl^^ s 2 '^ s 4 '# 3#*> 
^, ^^/^^ ^^7l (Parallel to Serial Converter )( 390)^ *&7] ^l:*^ 

<86> # 7 ] £ 3 ^ c 4^ ^-o] *-tl7l^ ^Al 7 H^ ifltf 5]^Al7l7) ^ 

«H a >-§-^1^ $1#&£r i-W- ^^#(error matrices)^ 2)^ ^-ls]- ^(minimum co ding 
gainHl ^ ^^d\o\ *Vcf. <*) 7 H _o_-ff ^oj^ ^]7HH ^ ^efl 

*M» ^Efl^ Hfl<gs}. ^o]^ 2^ Jfjrs). o]s-£- _o s. ^^o) 

-H-n-^-i-(eigen values)^ ^ltr^. 
<87> JE 5^r ^11 ^Al^oflA-1 QPSK^l A>^-Al 2 7fl£] ^H^^l tfl tb 3 4: ^-S.^ o] 

SLO] ^Sfl- u^vfl A]^-eflol^ ^4ol4. O^H 27fl^ ^ 
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<88> a o v 7 ] c 5 ofl ^4011 ^^^ol 45£ ^r$Hl nfl °1 

s-oj ^^>7fl(flat) ^ ^ Sfli*. <4^1 *fll ^^l^HMi w>^tb 3#&£r 

4551 °1 4. £ 6 ofl «^ ofl^ 45i^ 3H> QPSK M-^^^^f. 51^1 tr *W £ 

*r^^ 3K V 3^ 'Sfl* QPSK7> A>-g-£]^ ^.f 45£* *H 215. 

vfl*l 69£o]^ ( 8PSK(8-ary Phase Shift Keying)7 r Al-g-s}^ ^-foflfe 2151 ifl*l 24^o]ji t 
16PSK(16-ary PSK)7> A}-g-=|fe- ^-Mfe 11.25S.*>1^. ZL&IM- ^-£r °leitr <r*l tr^ofl 

*fltr£)fe 4^°] «>^^ fl^ U^Hfe AliEflo^ ^ =6(| nj.^ s£^s\o] 

^-§-«l (Signal to Noise Ratio: SNRH1 ^ «1B 5l^h§:(Bit Error Rate: BER)^ #^<*1M «1 
J2tr nej) = «>14. <^7H 410^ Tarokh^l M^HI *jiZ<y 8x3 ^-3L$- M# ^>-g-*>^ 

^-f^ JL#°lJl, 420^- Alamouti^l ^*fl 27fl^ ^Eflu)-* A>-g-*>^- 3 °-cq jL^r^Jl, 430^ 
^3 afli ^Hofl 14^ ^2M- 7}*l*r 4x3 ^-JlSr <8^-£- *r-8-*r*r 

olal, 440£r 3m^S\*\ 7}x]& 4x3 ^-JL2|- *r-§-*rir Jl^t* q- 

-"MlSr ^l^cfl «:^H ^ «1H iL^M- 7H)^ ^ 514. 

<90> «^]2 ^aH1» 
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<91> 



m ^HH^ 37fl^ <%^ ^"Mr-fr 37fl^ ^^lM-lr-g- ^*fl 37fl^ 



<92> 



A *1*HF-*HH ^M-^ *Kr3i, o]e.^ ^a^- -fr^tt 3x3 -*Mls* *8 

i# *l-7l^ <^*H 12><Hl M-^^Cf. 



<93> 



C 33 — 



12] 



*1 -$2 ^3 
S% S ( 1S2 



<94> 



#71 12>^ ^-JLS}- A>-§-^ ^-?J-Al7i l-^^^o) s^o. §>7l o| 

<^*h# 13>^ q-^^i ^ ^rf. 



<95> 



D 33 - C 33 £33 



13] 



^1 d 2 d 3 
i 3 d x d 2 
d 2 d 3 d x 



<96> 



<97> 



<^H^ 13>^l^i C 33 ^r #41 ^3ls\- *S^ol^ ; E 33 ^ ^ ^ I:** M-^ufl 

^ ^H 0 "!^. A o v 7l <^*h# 13>°1H D 33 ^ ^-^31- ois.^- 3did 2 d 3 -di 3 -d 2 3 -d 3 3 ^H.S. di=d 2 =d 3 
^ d 2 =0, d!=-d 3 ol 3^ #71 -^Jrs}. 01^.0. Qol ^ ole ^ T=folalAlEl 
o> Ell 14 Si 7H^o] 3iCf 21-711 51 °1 ^Ajol ^HJ^tJ-. 

^12 ^AHHlA-1^ Jf Jrjr). 0}^0] O o] S\±=- ^J-i, BV 7l 37 flcq Al^.S. - 

^£ 27^ 43 44 ^ sl^^fl^. °1* ^-JlS)- ^^S. *>7l 
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<98> 



i^n^ i4] 



e~ J S, e~ i9i s 2 



<99> 



^7H>Hfe 3 7fl^ ^« Si,S2,S 3 ^ Si.S 2 » ^ " 9 i , " 0 2 1 ?]:#^ fltf 

4. 1^ <^*H 14>^ -^JrjzJ. ^-g. A}-g-^ ^LH^ tL^o) tLJrJr). 01^.0. 

^ 3<>1 ^4. 

<100> ^-71 <^Al 14>ofl tfl<5>cr| 37flS] ^Al o>Efl 141:3. -?-Bl ^ ^Efl^5] ^ ^ o] ^ hj 

,h 2( h 3 # 7>x1jl aflE^ ^ 7] ^ <^ev^ i 5> sf ^-cf. 



<101> 



\f- 1 -h 1 e v °'s i - h 2 e ^'' : '^ 2 -A» 3 ^ 3 | z -i-|/- 2 -/7 i s 3 -h z c ~ J9 's , -A 3 e ~""' a -s' 2 l 



^^]7l^ ^-7] <«^*M i 5 ># 2^3 S}^ 431:* si-s 3 # 
£ 8 ^ ^ 2 ^XHH rrfs. ^^-a]^ ^Jfjr^ A>-g-S}^ #a1 7 ]^ ^ o. 

q-Ef^fl £AltV w>4 ^-ol ^/«^1 ^^71(510)^ 27flS] S] ^7l#(520, 522)4 

^JLS^l (530)4 37fl^ 540. 542 ,544)3. ^£4. 

A oM £ 8^- #S*>^, ^-71 *]/*gl ^^71(510)^ 37fl4 aim. Sl( s 2( s 3 * 

^14^ ^"71 (530)3 afl^t*. o]nfl ^7] M.^ - 2 7fl^ aI^s. Sl>S2 

^ #7] (530)3 ^^5l7l *H ^ A o v ^^7ll-(520,522)^l ^ sfl zfzj- ^ <fl## 

-01, -0 2 ^#^ 3)3l£4. ^"71 ^-SS}-7l(530)^ <g^4S=- $ ^ 7}*\JL zj-zj- 3 

7fl^ ^l~i-g- £f5f^ 37fl4 S^"*# ^M3*H 371121 Al7_l^?_V# ^-<£ #7) 37fl<>l ^A] o> 

^114-1- (540, 542, 544) 3 Sl^tM^. 



<102> 



<103> 



<104> 
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<ios> cfA) ^7) ^2|-7l(530)^ 37fl£q ^ ^Irl^l (negat i ve)-4 ^ 

(conjugate)^: ^-g-^>^ 37fl£] aI^tJ. -&oV #^*Vcf . <^7}*] ^7} ^-S^M (530)^ 
^lM-S. Jf JM- M*i*l) 1^ ^ite ^th}. ^ n»l^ Al^HP-^MH n «l 

<106> <S] <a^5] fe 47 fl^ Si,S2,S3 # Si,S 2 » AA 01, 0 2 W ^ 3 #*Kr 

^■f, ^7] ^-S5|-7l(530)^ oj-Ai cH^-^j. <^A} l 4> «4 ^-o. 3x3 o) jjLjr^. q. 

H^-^i ^ 5ft^. <^*H 14><H1 t+^Hfi A}~g-5)fe ^-f 3 Al^^-ofl 

^ #*fl 1^ 37flSl ^« '"V, '"^a, s 3 ol ^-71 37fl^ <^)M-#(540, 542, 544)5 A 

7l 37flS] <e>Eflq-#(540, 542, 544)5 zj-zj- ^^cf. 

<107> £ 9^ ^-7] £ 8^ ^7}S.^-B\ ^A]£ Alsl- ^*Kr ^71^ ^ q^ufl ^ 

515^, ^7H]A^ 4^r7fl^ ^ o>Bfli4l:(610.615)^- A}-8-*Hr £^£0.4. o^ofl 

>Hfe ^ °Jr^q-# A}-g-^ 73 °-ofl cfltflAin]- ^tg^. ^joiq. 

<108> Aj- 7l £ 91 . %-2:*>^ ( *im ^7] (620)^ 37flal ^a] oV^q-i- ( 540 , 542 , 544 ) 5-^ ^ 

a] oVEflm- (610, 615)5^ 6]^, ^ 711 4^^^ ^ tifl«i7l(630) 

*r4! o^ifg- (610, 612)5 ^*J£)*r 4IJl« ^ °J^^7}- 17M^ 

^^71(630)^ 37fl^ A] 7i^7>S -^o]-^ ^A] AlJrS-O. SO> ^u|oj °. ^^Cf. n]- 

^ 27fl ^A] ^Eflq-I-Ol A>^-£]^ 7^ o. ^ U fl<g7l(630)^ 37flB] A] ^^># ^ 

°J- ^ ^IM-l-S-fEi^ ^Al A]JrS-g- £ o> ^EflS <^7lA-l $>q-^ ^ofl^ 

^q-O] ^A] oHflLfl- ^^1] ^Al£|^ Al^S.^- yfl^^>J7 ^Ufo) <g ofl ^ ^M"^! ^l^^l ^ 
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<i09> zl&HS ML 4-2c|(640)fe #7] *m ^71(620)5.^^ ^ 4}"4 431- afl<i 

71(630)^*3 ^ai Ais#^r 7>^lJl nfl 37fl^ 44^*1-1-44 37114 431^ 

4. °*7H ^"71 ML ^^(640)^ 431- ^71(650)4 44> v 4 ^7ll-(660, 665)4 ^lH^ 71141" 
71(670)4 ^^mei ^#7l(680)S. ^4344. 

<no> ols> £4 cy^-^v <^*VAl n> o} JtLJ-Srj. ol-g-^ ^ o-cq A> 7 | ( 6 40)^ 

tfl«fl ^4^, 431" lH94(650)fe- 7}^ ^(combination) 4 si,s 2 ,s 3 -8: 
"fl 4^*1:44 444 #^*>H, 443" 3 4 7m (660, 665 )£r #4 431" ^7l 

(650H14 #^£l^ 43 1:* # 4i^4 ¥ 7fl53 43 « si,s2#, ^4l7Hl 4*11 4-§-4 44 ^ 
^tb 44m -01,-02^:^ 44 444?1 -^a^. #^tb4. 4> v 7l e '^ s ^ S3 4 

•"V* 43^ 2&°W ^445 
<m> nflB^ 7114171(670)^ 43-4 *fli£ o]s.s. hl h2)h3 ^ a o v 71 43 *HJ4(650H ^ 

4 7V^*l s.=- 431- 44 ^34 H o v 4<Hl 44 , 4M 431- «fl<t7l(650H 4 

n tifl14 ^r4l 41 « ri,r2,r 3 # °l-g-«H #4 7>^?1 5.=- 431" 2:^-#^l tfl^ *llH^ & 
^4. 43-4 nfl ^I4>7l(670)4 ^4£r &4 ^^-^ <^44 15><^1 4*}*! 4 -¥-4*1 

4. ^4 ^^DllEiJ ^#71(680)^ 4^71 »)lB^ °l-g-4^ 2)^0) DflH^ 7>4 

£^ 431- 2:^" Si', S2 1 , S 3 '# 3#tb4. 

<ii2> Aj-7i <^44 14><H1 44 Ml ^4 *814 ^4 o^*, 431:1:* 44471^31 a>-§-^ 
3#3H 4=^4. i io^t ^ ^4 A2 ^HH4 QPSK4 4-g-^l 27114 443M-°fl ^ 
s)± ^-Jl4 44M1 4«l°l4i ^4oici. a^H y ^ 27fl2i 443-^# 
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<113> £ 10<i ;g:a|.d{| 3#2M- 6 1 30£^ afl^o] ^-f 2)^ ^-^Sl- 

O ol ^-g- °y ^ SX^. 2 7fl^ ^^1-^ s\± ^-Jls)- ol^-oj 3)^7} 5} 51^- ^^t}. 

n^-s. Aj-71 ^j-^s-o} w}e^t!: ^1^1 ^ 4051, 60S, 90S, 12051, 15051, 18051 

<114> s. no. ^ w^cq ^ 2 ^Aloflofl tc)-= §^ «-Jrg). 7l^# ^sfl^ cf^ 71^-1:4 

#-§-fKSNRHl tfl^; «1H Sff-§r(BER)£] #$*IM HHfl^o]i}. ^7^ 710-& 

^ssj- A>-g-^l ^ 7g -°o} jr^-ojji, 720^ ^112 ^laflofl n}- 

5} fl^i3t(7.48H)-g- 7}*lfe 3x3 ^-i^ ^ JL-§:°]ZL, 730^ £| 

^ ^(2451,2551)* 7>^1^ 3x3 -¥-Jl2}- qJM- A>-g-sr>^ ^ J^o] j^^g. 

^ 4I-£tfl ^als] ^ofl^ iLt} ^ tilH 5L^-g: 7>^ ^ 



3MM-*1 ^ 3:51 *JHH 7}7] ^^o] 7>^^ #s.oicf. 
^ U^sq- ^^-^1 si«fl ^«fl7^o> 
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<117> £ #^£r 4^ ^ A o^« ^-f^S. #^-§T^ ^ 3)cfl^ c|.ol^ X|E) 

o})^ *\o]5. <£3*. <g-&oj ^7>oll 3^3^ ^ ^Tjll- 7>cf*l 
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[^^8- 1] 

3 7fl£] ^A] OlEflU^-i-^, 

N7fl^ ^I-I-O] 4 «?>Efll44 4 Al^^Hl^ ^^u> 5^ $-7} N7fl^ 

^ 37flSl ^^-g- i^S}^ N7fl2] S^-frS. ^-71 a^-lr-g- N7fl2} 

-&°J: ^"71 ^A] oj. Efll 4 #s ^^Hr «-Jl^-7ll- IfsU, 

Aj-7] ^5}^ N 7fl^ A1^. # - ^£ 2 7fl olAj-^ A^S-^ ^ ^3^^ 

2] 
3] 
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13 T 1 * 4] 

*fl 3 *<H 5a °H , QPSK7> ^-f ^-71 a 0 v^s o. 45 tr^ ^o.3. 2LE 

vfl^l 6951^] ^-g: if-^ ^ . 



5] 

*fl 3 %M] A^H, 8PSK7> Aj-^-S)^ ^ ^^St^r 213E. ifl*l 2451^ ^^o] % 

# ^HJ S}^r #^l7l. 



*11 3 5A°1*J, 16PSK7> a>^-£]^ ^-f a o v 7 ] 11.2551°] ^$°-3, is} 

^ ^71. 

[3^* 7] 
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8] 

£o] 47 fl^ ^S-aj. ags.^ tg^-g. -^o. S ^ ^A]7l. 



*1 


*2 


# "J 




X 




X 2 




Xl 


Xl 


*3 










• • 

■~ X2 x 4 
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xl 
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~X 4 
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*3 X 4 X l 
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x 3 




♦ 
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X 4 X$ 
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" X 2. 
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Xi 
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* 
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Xl j 
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• 
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~*4 
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Xi 
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~*4 


* * 

x 2 —x x x 4 


• 
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Xl 
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*4 




*3 


*4 
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• 

x 3 X 4 Xj 


*3 




*4 
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-Xi 
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*4 
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-*> 






* 

~-*3 


*2 J 


4 * 

_j%4 ~~ X$ — Xj ^ 
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_*4 




* 

~x 3 


*2 . 


X * 


• 

-*3 







<^7H X1.x2.x3.x4fe ^ 27fl^ 3L#*>fe 47fl^ <im >$^<$ . 



[3^* 9] 



10] 

*fl 9 SU 6 ,^, ^71 37flfi] ^-71 37fl^1 2:^-1"^: ^>7]^ 

37flS] ^l-alf 37fl^ *j#-a- 7}^lb ^ ^71. 



40-29 



1020030000144 



#^ H*}: 2003/10/7 




^7)^ s 1)S 2,S3^ #7} 37fl£] ^l-lro]^ 0 1( 0^ ^ Sl ,s 2 ^ 3 ^ 

11] 

12] 

JjLA^A] A^EAo^ 4^ ^*Rr 5a<^, 

^-71 3711^ ^Al o]- El m^«.^ Aj. 7l ^o^ £ sl-M-^1 ^ ^NIM^ *|)^ ol^-l-^- 4 
A M-^^ 37fl^ *fl^ ip^Hr *||^ ^712]-, 

*fl\i ^7) ^ ^7}6\] 9)f% ^A]^ Aijrs.^ ol-g-§>^ z|z}- 2711^ 4] 

1-1: -i: S^*Hr 7>^t.l ^^ofl cfl^H ^1=3 ^>ji nflH^ #-g- 

2711^1 ^-irl:# ^"4 ^#*>^r ^1 ^ *fl2 t^cH;^, 
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